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c„ m p!cx processing and can be used in securi, applications. Unlike co„,ac.less cards. con.ac, 
cards relv on a physical eiecrica, coniac, and read information when the card is inserted into a 
sm ari card reader. Combination cards can utilise a contact and a confess card reader. 
llarry Nc w,„n. U^^mm^ Miner Freeman. ,nc. Secaucus. New Jersey 
5 (lW).p.721. 

The Cec.ronic device embedded wi.hin .he smart card is genera.ly some type of 
in.egra.ed cucui, chip. In addition to the mtegrated circnit. .he smart card can generahy be 
formed with or without a magnetic s.ripe and can include an electronic contac, module ,or 

0 information be.ween «he card and various o«her devrces. such as for example, a smart card 
reader Furthermore, .he smart card can provide memory storage as we,, as computa.tona, 
capabilUy depending on .he particular app„ca,io„. The integrated circuit employed in a smart 
card can be. for example, a microprocessor with interna, memory or a memory chip. A. one end 
of t „e s„pht«ica,ion scale a smart card simply provides memory for s.oring an identiftca.ton 
15 code while, at the „.her end of the sca,e, a smart card provides the computational capaeuy of a 
general purpose computer .ha. includes a Cen.ra, Processing Uni. (CPU), Inpuf/Ou.pu. ,1/0) 
eon.ro,, Read On,y Memory (ROM), Non-Volatile Memory (NVM) and Random Access 
Memory (RAM). Key app,ica.io„s for smart cards commonly include user iden.if,a.,o„, 
.ransportation, .e.eohone, banking, heahheare, debit purchasing, e„.ertainmen., loyal.y programs, 
20 e-eommerce. securing informal, telecommuting and networking, campus badging and access, 
and many o.her appliea.ions which are .imited only by the deve.oper's imagina.ton. 

As discussed hereinbefore, .here are various .ypes of smart cards designed for a specfic 
apphcation. Smart cards also generaUy include con.ac. and eon.actless types. A comae. .ype 
smart card includes an in.egra.ed circuit tha. eommunica.es direc.ly by way of a phystca, 
25 e,ec,r,ea, connec.ion .„ a reader. The contact .ype smart card .ypically includes a gold p,a,ed 
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reader. ,he gold plated conductive comae, module makes a dirce, physical electrical connection 
to electrical contacts provided within the reader. Information including commands, data, 
algorithms and card status stored within the smart card are then transmitted through the physical 

connection. 

A con.ac.less type smart card includes an integrated eircuit that communicates remotely, 
or wirelessly, by way of an elec.romagne.ic interface when the smart card is placed in proximity 
of the card reader. The contactless "proximity" smart card utilizes an internal antenna and an 
electromagnetic signal for transmitting information between the smart card and the reader. 
Accordingly, .he conlaetless card need only be placed in proximity of .he reader, for example 
within two ,„ three inches of the reader, in order to get energized and begin a transaction. 

Contactless smart cards come in passive and active varieties. Passive contactless cards 
are generally non-battery-powered and must derive the energy .o power the integrated circuit 
from an external electromagnetic field generated by the reader. One drawback of .he passive 
confess smart card is that only a limited amount of power can be transmitted from the reader. 
However, passive contactless smart cards can be made having .he same thickness as standard 
sized credit cards because .here is no need to provide a bulky battery within the smart card body. 
Active contactless smart cards genertdly include a battery within the plastic card body itself in 
order to provide additional power to the transmitter. However, because batteries are relatively 
bulky (i.e, even thin watch batteries are several times thicker man a standard credit card), the 
active contactless cards canno. be made having the same thickness of a credi.-card style smart 
card and are much thicker in order to accommodate the battery. 

There are, however, two additional categories of smart cards that are derived from the 
contact and contactless family. Namely, these smart cards are combination cards and hybrid 
cards. Combination cards generally tnclude a single integrated circuit having both a contact 
module and a contactless interface, either of which can communicate between the integrated 
circuit and the smart card reader. Hybrid cards, on the other hand, include two separate 
integrated circuits and are sometimes referred to as dual-chip cards. The integrated circuits in a 
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hybrid card include respective contact and contactless interfaces, but the two integrated circuits 
are not connected to each other within the smart card. 

Smart cards are also categorized according to the type of integrated circuit used in the 
smart card. For example, there are smart cards that include a memory chip and there are smart 
5 cards that include either a microprocessor or a micro-controller. Smart cards having only 

memory chips are merely storage devices and do not have any computational capability. Their 
function is similar to a floppy disk that can store anywhere from a few bits to a few thousand 
bits. For example, memory smart cards generally store between 103 and 16,000 bits of data. 
Memory smart cards are less expensive than microprocessor cards but lack the sophistication of 
1 0 data security, data management and computational capabilities. 

Alternatively, microprocessor or micro-controller based smart cards are much more 
sophisticated and are capable of managing data stored in its memory circuits. For example, these 
smart cards can edit and otherwise manipulate the data stored in its memory circuits. The 
computational functionality of microprocessor-based smart cards also includes the ability of 
1 5 managing complex algorithms. Such smart cards are really miniature computers that include 
microprocessors having 8, 1 6 or 32 bit architectures with data storage capacity ranging from 300 
bytes to 32,000 bytes. However, increased computing power and storage capacity can be 
expected with future development and advances in semiconductor technology. 

Contactless proximity smart cards require electrical power in proportion to the amount of 
20 data that is to be transmitted from the smart card. In order to transmit large amounts of data, 
active contactless proximity smart cards have included an internal battery. As discussed above, 
the draw back of this approach is that the smart card body must be made larger than the standard 
credit card size in order to accommodate the battery. Standard non-battery contactless smart 
cards (i.e., passive smart cards) are incapable of transmitting large amounts of data because they 
25 receive a limited amount of energy from the electromagnetic signal transmitted by the card 

reader. Therefore, there is a need in the art to provide electrical power from an external power 
supply other than the card reader to a non-battery contactless smart card. The additional power 
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would facilitate the transmission of large amounts of data. Nevertheless, there is also a need to 
maintain the physical size of the contactless proximity card to a standard ''credit card" size as 
specified in ISO Standard 7816. which is herein incorporated by reference in its entirety. 

Furthermore, there is a need in the art to provide a system w herein the operation of a 
5 vehicle, or other kinds of equipment, is controlled by way of an authorization code such that only 
authorized users can access the vehicle and the other kinds of equipment without fumbling with 
keys or pressing buttons on wireless transmitters. There is also an interest in providing society 
with the benefits of a more effective way of preventing vehicle thefts by restricting the operation 
of vehicles and other forms of equipment utilizing authorization codes. 

1 0 Moreover, contact smart cards having chip contact modules on a front portion of the card 

body take up valuable surface area that can be used for printed material. Therefore, there is a 
need for a smart card wherein the entire surface area of the front portion, or top side, of the card 
body can be utilized for personalized graphics, alphanumeric symbols, pictures, art-work and 
other indicia or printed material on. 

1 5 Yet, there is still a need in the art for a smart card having an optical communication 

interface. Therefore, there is a need for providing a smart card using an optical interface for 
communicating information between the smart card and a reader. 

SUMMARY 

20 According to one embodiment, the present invention is directed to a smart card that can 

be personalized on an entire surface of a front portion of the smart card. The front portion can be 
provided with various graphic indicia and other printed matter because the contact module is 
provided on a rear portion of the smart card. 

Accordingly, one aspect of the invention provides a smart card that includes a front 

25 portion for displaying indicia; a rear portion laminated to the front portion; a circuit laminated 
between the front and rear portions; and a contact module in communication with the circuit. In 
one embodiment, the circuit is an integrated circuit and in another includes a microprocessor; a 
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memory in communication with the microprocessor; and an input/output controller in 
communication with the processor. The smart card also can include an antenna laminated 
between the front and rear portions and can include a power converter laminated between the 
front and rear portions, the power converter in communication with the antenna and the circuit. 
5 wherein the power converter supplies a power supply voltage to the circuit. In yet another 
embodiment, the smart card includes an optical transceiver disposed on the rear portion of the 
smart card. In a further embodiment, the entire surface area of the front portion of the smart card 

is available for receiving indicia. 

Another aspect of the invention provides a system for transferring information between a 

1 0 smart card and a smart card reader. The system includes a smart card including a front portion 
for displaying indicia; a rear portion laminated to the front portion; a circuit laminated between 
the front and rear portions; and a contact module in communication with the circuit; and a smart 
card reader for receiving the smart card and transferring information between the smart card 
reader and the smart card by way of the contact module disposed on the rear portion of the smart 

1 5 card. 

A further aspect of the invention provides a method for transacting information in a smart 
card system including a contact smart card and a contact smart card reader. The method includes 
transmitting a signal to the contact smart card by way of a contact module disposed on a rear 
portion of the contact smart card; and initiating communication between the contact smart card 
20 and the contact smart card reader when the contact smart card is inserted in the contact smart 
card reader. In one embodiment, the method includes transmitting the signal from the contact 
smart card reader. In another embodiment, the method includes transmitting the signal from an 
external power supply other than a power supply within the contact smart card reader. 

These and other inventions will be apparent from the detailed description hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in conjunction with the following figures, 
wherein: 

5 Fig. 1 illustrates one embodiment of a non-battery contactless smart card according to the 

present invention; 

Fig. 2 illustrates one embodiment of a logic block diagram of a non-battery contactless 
smart card according to the present invention; 

Fig. 3 illustrates one embodiment of a system for providing power to a smart card 
1 0 according to the present invention; 

Fig. 4 illustrates one embodiment of a contact smart card according to the present 

invention; 

Fig. 5 illustrates one embodiment of a combination contactless type and contact type 
smart card according to the present invention; 
1 5 Fig. 6A illustrates a system for enabling the operation of one aspect of a vehicle using a 

smart card according to the present invention; 

Fig. 6B illustrates a logic block diagram of a system for enabling the operation of a 
device associated with a vehicle; 

Fig. 7A illustrates one embodiment of an optical smart card reader according to the 

20 present invention; 

Fig. 7B illustrates one embodiment of an optical smart card according to the present 

invention; 

Fig. 8 illustrates one embodiment of a flow diagram of a method of supplying power to a 
smart card; 

25 Fig. 9 illustrates one embodiment of a flow diagram of a method of transacting 

information from a smart card having a contact module on a rear portion of a smart card; 
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Fig. 10 illustrates one embodiment of a flow diagram of a method of authorizing the 
operation of one or more devices associated with a vehicle; and 

Fig. 1 1 illustrates one embodiment of a tlow diagram of a method of transacting 
information in an optical smart card system. 

5 

DETAILED DESCRIPTION 

It is to be understood that the figures and descriptions of the present invention have been 
simplified to illustrate elements that are relevant for a clear understanding of the present 
invention, while eliminating, for purposes of clarity, other elements of a conventional nature. 

1 o Fig. 1 illustrates generally at 1 0 one embodiment of a passive non-battery contactless 

radio frequency (RF) enabled smart card or proximity smart card. The body of the contactless 
smart card 1 0 includes a front portion 1 2 and a rear portion 1 4 and embedded therebetween are 
an antenna 16 (or coil) and an integrated circuit 18. The antenna 16 can be formed using three to 
five turns of very thin commercially available wire, for example, or it can be formed using 

1 5 conductive ink. In either case, the antenna 1 6 is connected to an integrated circuit chip 1 8. In a 
contactless smart card system both the reader and the smart card have an antenna tuned to the 
same frequency thereby forming a contactless wireless communication link. Generally, the 
contactless smart card 10 is passive in that it does not include a battery and derives its power 
from a radio frequency electromagnetic signal transmitted by the smart card reader. Thus the 

20 physical characteristics of the passive contactless smart card 10 are essentially the same as a 

standard sized credit card. On the other hand, active proximity smart cards that include a battery 
are made thicker in order to accommodate the battery and therefore deviate from the standard 
credit card sizes, especially with respect to the card's thickness. 

The front and rear portions 12, 14 of the smart card 10 are laminated so as to form a 

25 single unit and serve to sandwich the antenna 1 6 and the integrated circuit 1 8 therebetween. The 
body of the smart card is generally formed from plastic, such as Acrylonitrile Butadiene Styrene 
(ABS) and Polyvinyl Chloride (PVC), for example. The front portion 12 of the contactless smart 

8 
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card is generally prepared for receiving personalization indicia and graphics thereon. The 
personalization indicia and graphics may be provided on the surface of the front portion 12 by 
way of full color printing, using a thermal transfer process, or by a dye sublimation process, for 
example. The final product generally includes a transparent overlay or varnish coating. The rear 
5 portion 1 4 of the contactless smart card 1 0. while it can receive indicia, is generally reserved for 
a magnetic stripe. In general, the front portion 12 of the card body as described herein is 
distinguished from the rear portion 14 of the card body. 

The integrated circuit 18 sandwiched within the contactless smart card 10 is generally 
realized using Very Large Scale Integration (VLSI) whereby several thousand transistors are 
1 0 combined on a single silicon substrate having a relatively small surface area of about a few 

square millimeters. All the circuit components of the integrated circuit 18 must fit within these 
relatively small confines. For example, in one embodiment, the integrated circuit 18 should not 
exceed 25 square mm or approximately 0.04 square inches. One reason for the size limitation is 
that the integrated circuit 18 is made from silicon which has the consistency and fracture 
1 5 characteristics of glass and is particularly easy to break. Accordingly, it is desirable for the size 
of the integrated circuit 1 8 to be limited to only about a few square millimeters in order to 
accommodate the inevitable flexure that the plastic contactless smart card 10 may encounter 
while in use. 

The physical size of the smart card 10 is generally about the same as a standard credit 
20 card. The exact specifications are provided in International Standards Organization (ISO) 

publication numbers 7810, 7816/1 and 7816/2, each of which is incorporated herein by reference 
in its entirety. Generally the physical size of the smart card 10 is about 85.60 mm x 53.98 mm x 
0.80 mm, or about 3.4" x 2.1" x 0.3". However, smart card size can vary in length between 
85.47mm to 85.72mm (3.36" to 3.37"); in width between 53.92mm to 54.03mm (2.12" to 2.13); 
25 and in thickness between 0.70mm and 0.90mm (0.028" to 0.035"). Those skilled in the art will 
appreciate, however, that the scope of the invention is not limited to such card sizes as described 
herein. 
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Fig. 2 illustrates generally at 1 1 one embodiment of a logic diagram of the contactless 
smart eard 10. In one embodiment, the smart card integrated circuit 1 8 includes a Central 
Processing Unit 20 (CPU), memory and some form oflnput/Ou.put Control logic 28. The 
memory portion generally includes a Read Only Memory 22 (ROM), a Non-Volatile Memo. 24 
5 (NVM, and a Random Access Memory 26 (RAM). The NVM 24 can be an Electrically Erasable 
Programmable Read Only Memory (EEPROM) that retains its logic state when power to the 
integrated circuit 1 8 or the EEPROM itself is removed, for example. Essentially, the con.ac.less 
smart card 1 0 can include the same functional components as a general-purpose computer and is 
provided in an easy to use credit card sized plastic package. As described hereinbefore, the 
,0 contactless smart eard 10 further includes the antenna 16 for exchanging information with a 

contactless smart card reader. 

Those skilled in the art will appreciate that the smart card 1 0 generally does not include 
its own clock for driving the internal logic, but rather the clock signal is provided from an 
interface peripheral such as the contactless smart card reader. The clock frequencies generally 
15 include 3.579545 MHz and 4.9152 MHz, although the scope of the invention is not limited 

thereto. The contactless smart card 10 generally can communicate at speeds of about 9600 bits 
per second. Furthermore, the memory requirements of the contactless smart card 10 will vary 
5 baS ed on the ultimate application and range from about 128 bytes to about 780 bytes of RAM 26, 
about 4Kb to about 20Kb of ROM 22 and about 1Kb to about 16Kb of NVM 24, for example. 
20 The microprocessor architecture can be based on 8, 16 or 32 bits. In one embodiment the 

.coprocessor or CPU 20 can be based on the Motorola 6805 or Intel 8048 architectures, for 
example. 

The contactless smart card 10 further includes a conventional power converter 30 which 
can be made par. of the integrated circuit 18 even though it is shown separately in the logic block 
25 diagram 1 1 . The power converter 30 converts electromagnetic radiation detected by the antenna 
,6 into electrical power that is useable by the non-battery contactless smart card 10. In one 
embodiment, the power is transferred from the souree using the principle of magnettc induction. 

10 
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for example. In one embodiment, the frequency of the electromagnetic energy used to energize 
the smart card 10 as detected by the antenna 16 is between about 10 MHz to 14 MHz and is 
preferably about 13.56 MHz. Further, in one embodiment the same antenna 16 is used for 
receiving and transmitting electromagnetic radiation to and from the contactless smart card 10 
and the contactless smart card reader. The frequencies used by each smart card/card reader 
system are specific to the manufacturer of the devices and is generally in the microwave 
frequency band. 

In operation, when the contactless smart card 10 is placed in proximity of the contactless 
smart card reader, for example within an operating range of a few inches from the card reader, it 
will initiate a transaction and exchange information therebetween. For example, the contactless 
smart card 10 can be placed within an operating range of approximately zero to five inches of the 
card reader and preferably between approximately zero to two or three inches of the card reader 
in order to be energized by the card reader and initiate a wireless communication transaction 
which can include the exchange of information contained within the contactless smart card 10 or 
contained within the smart card reader. One advantage provided by the contactless smart card 
interfaces is speed. For example, in using the contactless smart card 10, the user can simply 
wave the contactless smart card 10 within the specified operating range of the card reader rather 
than having to insert and remove the card in the reader, which can slow down the overall 
transaction. 

Now turning to Fig. 3 wh^re a system for energizing the contactless smart card 1 0 is 
illustrated generally at 3 1 . The system includes the non-battery contactless smart card 1 0 and an 
external power supply 32, which is other than a power supply provided by the smart card reader 
shown generally at 42. In general, the external power supply 32 as described herein is 
distinguished from the power supply provided by the smart card reader 42. Accordingly, in one 
embodiment the external power supply 32 includes a battery 34 having a relatively high capacity 
so that it will not have to be replaced often, a voltage to frequency converter 36. a "first" 
amplifier 38 and an external power supply antenna 40. In one embodiment, the power from the 
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battery 34 is switched ON and Oi l' by the voltage converter 36 at a frequency that will be 
recognized by the contactless smart card 10. Those skilled in the art will appreciate that the 
voltage converter 36 can the take form of a conventional DC- AC converter or a Voltage 
Controlled Oscillator (VCO), for example. The voltage converter 36 produces a signal at a 
5 predetermined frequency (e.g., 1 3.56 MHz) that is then coupled to the external power supply 
antenna 40 either directly or through the amplifier 38. The external power supply antenna 40 
then radiates the electromagnetic energy at the signal frequency. When the contactless smart 
card 10 is placed in proximity, within a predetermined operating range (e.g., approximately zero 
to five inches) of the power supply 32, the smart card antenna 16 detects the radiated energy 
1 0 from the external power supply antenna 40. The power converter 30 then converts the detected 
energy into a voltage level that can be utilized by the integrated circuit 1 8. For example, the 
integrated circuit 1 8 can operate at voltage levels of about 4.75 V to about 5.25 V, although with 
advances in semiconductor technology these voltage levels may eventually drop to about 3 V. 
In one embodiment, the energy supplied by the external power supply 32 can be used in 
1 5 conjunction with the contactless smart card reader 42 thereby supplementing the energy provided 
to the contactless smart card 1 0. The contactless smart card reader 42 generally includes a logic 
portion 44 that provides the appropriate signal to a voltage to frequency converter 46 similar to 
the voltage converter used in the external power supply 32. The switched power signal is then 
coupled to a contactless smart card reader antenna 50 directly or through a conventional 
20 amplifier 48. As discussed hereinbefore, the electromagnetic energy is radiated from the antenna 
50 at a frequency that is detected by the smart card antenna 16 and that can be converted to a 
useful voltage by the power converter 30 (e.g., 13.56 MHz). 

Those skilled in the art will appreciate, however, that the contactless smart card reader 42 
can supply only a limited amount of energy for energizing the contactless smart card 10. 
25 Because of this limitation in energy, the contactless smart card 1 0 is able to transfer only a 
limited amount of information to the contactless smart card reader 42. Therefore, in order to 
transfer substantially greater amounts of information between the contactless smart card 10 and 
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the contactless smart card reader 42 while maintaining the physical size of the contactless smart 
card 10 to the standard credit card size, additional power is supplied to the smart card 10 from 
the external power supply 32. Such additional energy transferred allows the contactless smart 
card 10 to transfer much more information to the contactless smart card reader 42. In one 

5 embodiment the external power supply 32 according to the invention begins radiating 

electromagnetic energy for energizing the contactless smart card 10 only when it receives a 
signal from the contactless smart card reader 42. In one embodiment the external power supply 
32 according to the invention begins to radiate electromagnetic energy for energizing the 
contactless smart card 10 only when it receives a signal from the contactless smart card 10. 

10 The physical characteristics of the external power supply 32 can take many forms. For 

example, in one embodiment the external power supply 32 can be provided within a housing 33 
that the smart card user carries around. The external power supply 32 then transmits current by 
way of magnetic induction to energize the contactless smart card 10. In one embodiment the 
housing 33 can be outfitted with a card retainer such as a clip 35 that provides the added 

1 5 convenience of holding the contactless smart card 1 0. Furthermore, a first switch 37 may be 

provided in the external power supply 32 such that the external power supply 32 function can be 
turned ON and turned OFF by the user in order to save battery life, for example. Accordingly, 
the user can enable and disable the external power supply 32 by toggling the first switch 37. For 
example, whenever the user anticipates making a transaction, the user can enable the external 

20 power supply 32 and initiate the radiation of energy therefrom. 

In one embodiment, the clip 35 can be a general-purpose clip generally use for holding 
identification cards. In one embodiment the external power supply 32 can be provided with a 
latch 39 that is mechanically coupled to the housing 33 for receiving a smart card therein. The 
latch 39 can be provided with a second switch 41 that engages when a smart card is inserted 

25 therein. The second switch 41 can be utilized for enabling and disabling the operation of the 

external power supply 32 whenever it is engaged or disengaged by the contactless smart card 10, 
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for example. Accordingly, in one embodiment, the external power supply 32 can be activated 
automatically upon the insertion of the contactless smart card 10 within the latch 39. 

In one embodiment, the contactless smart card 10 includes an identification number. The 
operation of the external power supply 32 can then be controlled in accordance with the 
5 identification number. For example, the external power supply 32 can begin radiating 

electromagnetic energy for energizing the contactless smart card 10 whenever the contactless 
smart card 10 is in proximity of a triggering device and the external power supply 32 receives the 
appropriate identification number. A triggering device can be incorporated in a building security 
system. The triggering device can be a circuit that transmits periodic signals for querying 
1 0 contactless smart cards, thus triggering the smart card to initiate a transmission. Those skilled in 
the art will appreciate that triggering devices can be incorporated in any smart card reader or 
device used in conjunction with a smart card reader. Additionally, in one embodiment, the 
contactless smart card reader 42 generates a signal that when detected by the external power 
supply 32 causes the external power supply 32 to begin radiating energy for energizing the 
1 5 contactless smart card 1 0. In one embodiment, the external power supply can detect and decode 
the incoming identification number by using a second amplifier 43 and a logic circuit 45. The 
second amplifier 43 is coupled to the antenna 40 and provides the received signal to the logic 
circuit 45 that decodes the signal and then, for example, enables or disables the external power 
supply 32 by engaging or disengaging the first switch 37, respectively. In one embodiment the 
20 system 31 can be expanded to include the operation of the contactless smart card reader 42 such 
that it also can provide a triggering signal to the external power supply 32. Furthermore, the 
contactless smart card 10 can provide a triggering signal to the external power supply 32 upon 
detecting a triggering signal from the contactless smart card reader 42 and thus trigger the 
external power supply 32 in order to initiate the radiation of energy for energizing the contactless 
25 smart card 1 0 and, for example, initiate a communication transaction. 

The external power supply 32 supplies enough energy to the contactless smart card 10 to 
overcome the disadvantage of the limited data transmission. Accordingly, the power supplied by 
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the external power supply can increase the amount of information transmitted by the contactless 
smart card 10. In other words, without the external power supply 32. the contactless smart card 
10 would be limited to the energy supplied by the contactless smart card reader 42 and thus 
would be able to handle only a few short bursts of information during any given transaction. The 

5 external power supply 32 also overcomes the disadvantage of having to provide a battery within 
the contactless smart card 10 and thus eliminates the need for a larger (e.g., thicker) smart card 
than a standard plastic credit card. In the case of an active contactless smart card, the external 
power supply 32 would eliminate the need for frequent battery replacements. 

Fig. 4 illustrates generally at 52 one embodiment of a contact smart card having a contact 
10 module 56 embedded on one side of the rear portion 14 of the smart card body. Further, in one 
embodiment, the contact module 56 is provided on the same side as a magnetic stripe 58. Those 
skilled in the art will appreciate that any smart cards may be supplemented with a magnetic stripe 
58 for encoding and storing additional information. The contact smart card 52 includes a cavity 
54 that is formed into the plastic on one side of the rear portion 14 of the card body. The cavity 

1 5 54, which may, for example, be formed utilizing conventional milling techniques, provides a seat 
for the integrated circuit 1 8. The integrated circuit 1 8 is physically bonded to the contact module 
56 utilizing conventional methods. The contact module 56 is bonded to the card body by a hot or 

cold glue process, for example. 
~ ^ The integrated circuit 1 / within the contact smart card 52 communicates with a contact 
x^o '' smart card reader by way of p physical electrical contact through the contact module 56. In use, 
3 V * the contact smart card 52 is inserted into the contact smart card reader wherein the contact 
module 56 makes physical contact with an electrical contact within the smart card reader. 
Information that can be transferred by way of the contact module 56 includes power supply 
voltage, data, algorithms, commands, card status and other information. For example, the 
25 contact module 58 may include six contacts that are designed to provide power supply voltage to 
the integrated circuit 1 8, a ground reference, a reset signal line for initiating the state of the 
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integrated circuit a clock signal for driving the logic of the integrated circuit 18 and a high 
voltage signal for programming the NVM 24. 

Fig. 5 illustrates generally at 60 one embodiment of a combination passive contactless 
and contact smart card. The combination smart card 60 provides the contact module 56 on one 

5 side of the rear portion 14 of the card body. The combination card 60 also includes the 

contactless card antenna 16 for receiving and transmitting electromagnetic energy. Thus, the 
combination card can communicate wirelessly through a contactless link and also receive 
radiated energy for energizing the integrated circuit 18. Alternatively, the combination eard 60 
can be energized through the contact module 56 when the card is inserted in a contact smart card 

10 reader. 

One advantage of one embodiment of the invention is that the contact module 56 is 
provided on one side of the rear portion 14 of the card body. Therefore, the entire surface area of 
the front portion 1 2 of the card body is available for personalization indicia, graphics, 
alphanumeric and any other personalization material that the smart card provider or user chooses 

15 without being interfered by the contact module 56. In one embodiment, the contact module 56 
can be placed on the same rear portion 14 of the card body as the magnetic stripe 58, for 
example. In one embodiment, the rear portion 14 of the card body that includes the contact 
module 56 and the magnetic stripe 58 also can include a bar code and other encoding 
information. Furthermore, one advantage of placing the contact module 56 on the same side as 

20 the magnetic stripe 58, bar code, etc., is that it minimizes user confusion when using the contact 
smart card 52, 60. 

Fig. 6A illustrates generally at 61 a vehicle authorization system whereby an operator or 
driver of a vehicle 62 is given access to various devices associated with the vehicle 62 only if the 
contactless smart card 10, contact smart card 52, combination smart card 60, optical smart card 
25 70 or hybrid smart card 69 generates an appropriate authorization code. The hybrid card 69 
includes an integrated circuit 18 for the contactless interface and an integrated circuit for the 
contact module 56. but the two integrated circuits are not connected to each other within the 
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smart card 69. The optical smart card 70 includes a conventional optical transceiver 68B that 
also can be used in the system 61 (see Figs. 7A-B lor additional description of the optical smart 
card and associated reader). Upon receiving the appropriate authorization code, the driver would 
gain access to the particular function authorized. For example, an authorization code may be 
5 stored in the smart card 1 0. 52, 60. 69 such that the driver cannot engage the starter and therefore 
cannot start the operation of the vehicle 62. The authorization code stored in the vehicle 62 and 
in the smart card 10, 52, 60. 69, 70 can be modified after a predetermined number uses. Once 
modified, the new authorization code is stored in the vehicle storage 76 as well as the smart card 
memory 22, 24, 26, and preferably the NVM 24. The periodic modification of the authorization 
1 0 code can serve to enhance the overall security aspect of the vehicle authorization system 61 . 

It will be appreciated that the contactless smart card 1 0 may provide the most convenient 
implementation of the authorization system 61 wherein the user merely has to bring the 
contactless smart card 10 in proximity of the vehicle 62 in order to initiate a transaction. 
Thereby eliminating the need for keys or any other manually operated keyless entry devices that 
1 5 require the user to press a button or make an electrical contact, for example. However, the 

contact smart card 52 and the combination smart card 60 also can be used without departing from 

the scope of the invention. 

Furthermore, the authorization function is not limited to enabling the starter and includes 
enabling other functions such as the operation of the vehicle's locks, access to equipment located 

20 within the vehicle 62 and the like. For example, the smart card 10, 52, 60, 69 can be used to 
enable the steering mechanism, the radio, anti-lock breaking system, fuel injection mechanism, 
engine speed or RPM, the engagement of the transmission, the engagement of the clutch and any 
other functions that can be controlled with an authorization code. Alternatively, without an 
authorization code form the smart card 10, 52, 60, 69 the vehicle 62 can be rendered completely 

25 inoperable. Furthermore, the vehicle 62 can be equipped with a keyless entry system that 

requires an authorization code from any one of the contactless smart card 10, the contact card 52 
or the combination card 60. Moreover, in one embodiment, the contactless smart card 10 can 
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receive MP3 files and provide the user with up to several hours worth of music. The smart card 
10. 52. 60. 69 can be used to store the MP3 music files and manipulate the files as well. 

Now turning to Fig. 6B where a logic block diagram ofthe system 61 is illustrated 
generally at 63. The system 63 includes the vehicle 62 having a controller 71 therein. In one 

5 embodiment ofthe system 63. the controller 71 includes a smart card reader 42. a processor 72 in 
communication with the smart card reader 42. a memory 74 in communication with the 
processor 72. a storage 76 in communication with the processor 72 and an interface 78 in 
communication with the processor 72. The smart card reader 42 can be any one of a contactless 
smart card reader, a contact smart card reader, a combination smart card reader, a hybrid smart 

1 0 card reader or an optical smart card reader (see optical smart card reader 64 at Fig. 7A) without 
departing from the scope ofthe invention. Accordingly, the system 63 can receive an 
authorization code from any one of a contactless smart card 10, a contact smart card 52 a 
combination smart card 60, the optical smart card 70 or the hybrid card 69. 

When the user ofthe vehicle 62 provides the proofer authorization code by way of a smart 

< to s '/ / 

15 V card io, 52, 60, 69, 70, the controller 71 enables the us^r to activate any one ofthe appropriate 
^ • ' devices associated with the vehicle 62. Accordingly/in one embodiment, when the user provides 
the controller 71 with an authorization code by way of a contactless smart card 10, a contact 
smart card 52, a combination smart card 60 or an optical smart card 70 to the smart card reader 
42, the processor 72 looks up the authorization code in the storage 76 and provides control 
20 access to the user only if a match is found. In one embodiment, the processor 72 can change the 
authorization code and store the new value in the storage 76 as well as in the smart card by way 
ofthe smart card reader 42. Once the processor 72 grants authorization, control of one or more 
devices associated with the vehicle is provided though the interface 78. Those skilled in the art 
will appreciate that the interface may or may not be required based upon the control inputs 
25 available in each device. One example ofthe types of devices that can be controlled is any one, 
all or combination of a starter 80, a lock 82. a steering mechanism 84. a radio 86, a break 88 
system including an anti-lock break system, a fuel injection mechanism 90. an engine speed 
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4 controller 92, a transmission 94, a clutch 96, air pressure 98 and a keyless entry security system 
100. However, the invention is not intended to be limited to such devices as other devices 
capable of being controlled by the controller 71 can be adapted to operate when the proper 
authorization code is provided to the vehicle 62 by way of a smart card 10, 52, 60, 69, 70. 
5 Fig. 7A illustrates an optical smart card reader embodiment generally designated as 64. 

The optical smart card reader 64 can be used in combination with an optical smart card 70 as 
illustrated in Fig. 7B for communicating with the optical smart card 70 by way of an infrared 
communication link, for example. The information exchange between the optical reader 64 and 
the optical smart card 70 is generally bi-directional. The optical smart card reader 64 can be 

1 0 powered by a Direct Current (DC) source 65 or an Alternating Current (AC) source 67. The 
optical smart card reader 64 includes a logic portion 66 which can be a microprocessor, fixed 
logic, programmable logic, field programmable logic and the like. The logic portion 66 provides 
the appropriate signals to an optical transceiver 68A. The optical transceiver 68A is used for 
receiving and transmitting information over an optical medium such as infrared, for example. 

1 5 The optical smart card reader 64 also can include a voltage converter 46, amplifier 48 

and antenna 50 for supplying energy to the optical smart card 70. Those skilled in the art will 
appreciate that the optical smart card 70 also can be energized by the external source 32 as well 
as by the optical smart card reader 64. Furthermore, the voltage converter 46 can be adapted for 
converting either the DC source 65 or the AC source 67 into a signal having the appropriate 

20 frequency (e.g., 13.56 MHz) for transmitting electromagnetic energy and coupling the energy by 
way of magnetic induction to the optical smart card 70 equipped with antenna 16 and power 
converter 30. In one embodiment, the optical smart card reader 64 is an interface that is an 
integral component of a computer screen or a general-purpose computer. 

Fig. 7B illustrates an embodiment of the optical smart 70 card. The optical smart card 70 

25 includes an optical transceiver 68B for receiving and transmitting information over an optical 
link (e.g., an infrared link). The optical transceiver 68B can be matched with the optical 
characteristics of the optical transceiver 68 A or can be of the same type. As discussed 
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hereinbefore, the optical smart card 70 also can receive electromagnetic radiation for energizing 
the integrated circuit 1 8 and the optical transceiver 68B through the antenna 16. 

Referring to both Figs. 7A and 7B. in one embodiment, the transceiver 68B transmits a 
first optical signal to the transceiver 68A and receives a second optical signal from the 
5 transceiver 68A. Likewise, the transceiver 68A receives a first optical signal from the 

transceiver 68B and transmits a second optical signal to the transceiver 68B. Communication is 
carried out between the optical smart card 70 and the optical smart card receiver 64 by 
exchanging a one or more optical signals therebetween. 

Now turning to Fig. 8, which comprises a flow diagram of a method 1 10 according to 
10' one embodiment of the present invention. In one embodiment, the method 1 10 includes a 

method of supplying power to a smart card 1 0, 60, 70. Accordingly, at block 1 1 2, the method 
' 110 includes generating a first electromagnetic signal having a first frequency. At block 1 1 4, the 
method 1 10 includes transmitting the first electromagnetic signal to a smart card 10, 60 tuned to 
the first frequency. In one embodiment, the method 1 1 0 also includes, at block 1 1 6, receiving a 
1 5 second electromagnetic signal and, at block 1 1 8, enabling the transmission of the first 

electromagnetic signal upon receiving the second electromagnetic signal. Still, in a further 
embodiment, the method 1 1 0 includes enabling the transmission of the first electromagnetic 
signal upon receiving a signal from a switch contact closure. 

Fig. 9 comprises a flow diagram of a method 120 according to one embodiment of the 
20 present invention. In one embodiment, the method 120 includes, at block 122, transmitting a 
signal to the contact smart card 52, 60 by way of a contact module 56 disposed on the rear 
portion 14 of the contact smart card 52, 60. and at block 124, initiating communication between 
the contact smart card and the contact smart card reader when the contact smart card is inserted 
in the contact smart card reader. Still, in a further embodiment, at block 1 26, the method 1 20 
25 includes transmitting the signal from the contact smart card reader. In yet another embodiment, 
at block 128, the method 120 includes transmitting the signal from an external power supply 
other than a power supply within the contact smart card reader. 
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,. ig . , 0 comprises a (low diagram of a method 1 30 according to one embodiment of the 
• • invention is iMustrated generally a. ,30. In one embodiment, the method 1 30 include, a method 
of authorizing operation of one or more devices associated with a vehicle. At block 1 32 the 
method includes locating an authorization code to operate the one or more devices associated 
5 with the vehicle within a predetermined proximity of the vehicle. At block 135. the method 

inches reading the authorization code. At block 1 34. the method includes determining whether 
me authorization code matches a stored authorization. At block 1 36. when the authorization 
code matches the stored authorization code, the method includes providing access for controlling 

the one or more devices authorized. 
, o In one embodiment, locating a smart card includes locating a contactless smart card 1 0 

having the authorization code thereon within the predetermined proximity to the vehicle 62. 
Further, in one embodiment, the method includes locating a combination smart card 60 or optical 
smart card 70 in proximity of the vehicle 62. In another embodiment, locating a smart card 
includes contacting a contact smart card 52 or a combination smart card 60 in a contact smart 
1 5 card reader associated with the vehicle 62. 

In one embodiment, the method 130, at block 138, includes providing access for 
controlling the one or more devices authorized includes providing access for controlling vehicle 
functions selected from the group consisting of a starting the vehicle, locking the vehicle, 
steering the vehicle, operating a radio, operating an anti-lock breaking system, operating a fuel 
20 injection mechanism, controlling an engine, shifting a transmission, operating a clutch, operating 
a tire air pressure control system and a operating a keyless entry system. 

Fig. 1 1 comprises a flow diagram of a method 140 according to one embodiment of the 
present invention. In one embodiment, the method 140 includes transacting information in an 
optical smart card system. At block 142 the method 140 includes transmitting an 
25 electromagnetic signal to the optical smart card 70. At block ,44. the method 140 includes 

initiating communication between the optical smart card 70 and the optica, smart card reader 64 
upon the optical smart card 70 receiving the electromagnetic signal. In one embodiment, as 
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shown at block 146. an electromagnetic signal can be transmitted from the optical smart card 
reader and in another embodiment, as shown at block 148. an electromagnetic signal can be 
transmitted from the an external power supply 32. other than an optical smart card reader power 
supply. 

5 The foregoing description of the specific embodiments of the various embodiments of the 

invention has been presented for the purpose of illustration and description. It is not intended to 
be exhaustive or to limit the investigation to the precise form disclosed. Many modifications and 
variations are possible in light of the above teachings. It is intended that the scope of the 
invention be limited not with the description above but rather by the claims appended hereto. 
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